In the course of an investigation on the respiratory mechanism of the green alga Chlorella, experiments were conducted to study the utilization for growth in the dark of several organic acids (Eny, 1950) . The effects of these organic acids on the rate of oxygen uptake and carbon dioxide evolution were observed (Eny, 1951) . To elucidate further the respiratory mechanism, the action of various enzymes and enzyme inhibitors known to influence the aerobic path of carbohydrate metabolism in animal tissues was studied. The present investigation included manometric determination of the influence of cytochrome oxidase, coenzyme i (CoI), and adenosinetriphosphate (ATP) on the respiratory rate of Chlorella, determination of adenosinetriphosphatase (ATPase) activity, and estimation of dehydrogenase activity.
MATERIALS AND METHODS
Nutrient solutions were prepared by standard methods (Mandels, 1943) , and buffering action -was provided by potassium phosphate and was increased by addition of the organic acids. The pH of the system was adjusted to 5-4-5-6. The organic acids used were lactic, pyruvic, acetic, Ci8-aconitic, citric, succinic, fumaric, malic, butyric, and propionic.
Chlorella cell homogenates were prepared by a technique described by Umbreit, Burris & Stauffer (1945) , utilizing a glass homogenizer, essentially a piston rotating with a vertical motion in a closely fitting glass cylinder. Examination of the homogenate showed almost entire destruction of the cells. Only 3-8% of the original count consisted of intact cells.
The strain of Chlorella used was originally isolated from soil by Wann (1921) and has been maintained in the laboratories of Cornell University. The strain has not been classified taxonomically (Mandels, 1943) .
The cytochrome oxidase preparation was obtained from ox heart by the method of Keilin & Hartree (1938) . This preparation also contains cytochromes a, b and c, fumarase, and several dehydrogenases. Coi was prepared from baker's yeast by the Williamson & Green (1940) method.
ATP was prepared from rabbit muscle by the DuBois, Albaum & Potter (1943) method.
The manometric experiments were conducted in the dark with the Warburg apparatus according to the method described by Umbreit et al. (1945) . The Warburg flasks were ofthe two side arm, centre-well and venting-plug type. They contained the cell homogenate with the necessary volume of water and nutrient solution, the organic acid intermediates, enzymes and/or inhibitors, and KOH or water in the centre well for the determination of oxygen and carbon dioxide respectively. A thermobarometer and two control flasks, one for CO2 and one for 02, contained all the components of the system studied. The enzymes and inhibitors were kept in the separate compartments. Results are expressed as q02 and qco2 which are pl./hr. 02 uptake or CO2 evolution for a volume of homogenate approximately equivalent to 109 cells.
Determination of ATPase activity. The test system was prepared by the method developed by . The materials to be tested consisted of cell suspensions, cell homogenates or cell extracts. The cells were washed six times by repeated stirring and centrifuging with 0-02M-KNO3 solution (phosphate-free) before grinding or preparation of the final substrate. The ATP solution contained 565 ug. phosphorus/ml. when tested with potato apyrase (Krishnan, 1949) .
The test tubes containing the system were placed in a water bath at 300 for periods from 30 min. to 3 hr. The reaction was stopped by the addition of 2 ml. of 20 % (w/v) trichloroacetic acid. The tubes were centrifuged and 2 ml.
samples of supematant were taken for the determination of hydrolysed phosphorus.
The phosphorus was determined by Sumner's (1944) Since malonate specifically inhibits succinic dehydrogenase, the use of malonate with succinate should stop the formation of fumarate and inhibit the respiration of Chlorella if the oxidation requires succinic dehydrogenase as the flavoprotein. Actually malonate produced some increase of oxygen uptake, not only with succinate but with all the acids used.
A fairly large concentration of fluoride (0-02M), was needed to produce inhibition but when reached, the inhibition was complete. Pyrophosphate inhibition was effective in the same general manner at 0-01 M concn., whilst even at the very low concentration of 0-0001 M, iodoacetate was completely toxic to the respiratory system.
No change in the rate of respiration was observed when quantities varying from 0-1 to 0-5 ml. of an ATP solution containing 565 ,ug. of phosphorus/ml. were used.
Since the effects of the enzymes and inhibitors tested showed with malate as well as or better than with the other organic acids, they have been charted graphically to typify the results. Figs. 1 and 2 show the changes in respiratory rate produced by the addition of Co i, cytochrome oxidase and several inhibitors to Chlorella homogenate in dilute nutrient solution containing 0-05M-malate. In both figures, curves A and B represent respectively the oxygen uptake and carbon dioxide evolution without tipping enzymes or inhibitors from the side arms of the flask.
Determination of ATPase activity
To determine whether the results obtained with ATP were due to the absence of a hydrolysing enzyme or to the ineffectiveness of ATP in the metabolism of Chlorella, estimations of the hydrolytic enzyme of ATP were made using cell suspensions, cell extracts, or cell homogenates. The results obtained with the suspensions and extracts were not significant. Those obtained with the homogenates are shown in Table 2 .
The recovery of phosphorus generally increased with the amount of homogenate in the test system and calcium chloride gave little noticeable activating effect. The time required by the Chlorella homogenate to produce detectable amounts ofphosphorus through ATP hydrolysis was much longer than that generally necessary for animal tissues. However erratic the phosphorus recovery, the results are positive and indicate the presence of an enzyme producing some hydrolysis of ATP. Several enzymes of this type have been isolated from plant material, one of the best sources being potato (Krishnan, 1949) .
Dehydrogena8e test8
In animal tissue, the presence of cyanide is necessary to obtain the test for lactic acid dehydrogenase (Straub, 1940) , as cyanide binds the pyruvate which is formed. Otherwise the accumulation of pyruvate would reverse the direction of the reaction and prevent the reduction of MB. If pyruvate is added to the system after the MB is reduced, the blue colour returns, showing that the MB is re-oxidized and that the reaction goes toward lactate.
In one of the tests conducted with Chlorelkl homogenate, the cyanide was omitted. The reactiork continued, however, and reduction was nevertheless obtained. Pyruvate was then added to the system, but the blue colour did not reappear. Apparently the system was different from that of animal tissues and it was decided to further utilize the MB technique to study the possible dehydrogenases involved. The method gives an approximate relative rate of oxidation of the acids by the dehydrogenasea system.
The colour readings of the test system are given in Table 3 . The times appear unduly long, but since duplicates gave closely similar results it would seeni that the results are due to the cell homogenate processes rather than to bacterial contamination. AlL the acids decreased the reduction time of MB, which indicates that they produce a rise in dehydrogenaseactivity by stimulating the respiration rate.
Pyruvic acid reduced MB more quickly than anyof the other acids, and addition of Coi and cyto- Meeuse (1948) extracted a mixture from pea seedlings showing a high cytochrome oxidase activity. In the present investigation it was shown that Coi and cytochrome oxidase increased the rate of lactate and malate oxidation in Chlorella. This suggests that these enzymes may be involved in the oxidation of lactate and malate or they may participate in the enzyme system naturally occurring in the cells.
Coi and cytochrome did not affect the oxidation of pyruvate, and since the dehydrogenase tests showed that this acid was oxidized faster than any other, it would appear that the oxidation is more direct than that described in the tricarboxylic acid cycle. This points toward a mechanism of oxidation involving a pyruvic dehydrogenase and flavinadenine dinucleotide instead of the Co i-cytochromelactic dehydrogenase system. Lipman (1940) found that in Lactobacillus delbriickii oxidation ofpyruvate by pyruvic dehydrogenase could take place under both anaerobic and aerobic conditions. Emerson (1927) found that 0-0001M-hydrogen cyanide inhibited about 60 % of the respiration of a strain of healthy Chlorella pyrenoidosa cells which had been grown with glucose, but that the inhibition was small and temporary when lactic acid was used in the respiratory flasks with starved cells. Warburg (1919) found a stimulation of respiration by cyanide in a strain of C. pyrenoidosa. If the experiments of Emerson and Warburg were conducted with the same strain, it would appear that an alternative respiratory mechanism is available in that particular Chlorella strain. In the present experiments, 0-004M-potassium cyanide produced a decrease in the rate of oxygen uptake in all cases.
This inhibition reached about 70 % with lactate and malate. It was possible to reverse the inhibition by adding cytochrome oxidase (Fig. 2) .
It has been shown that potassium cyanide acts not only on cytochrome but also on several other oxidases (cf. Porter, 1946) . Because of these other inhibitions, James (1946) stated, 'It cannot be assumed... that any respiration of a plant tissue inhibited by cyanide is necessarily due to the cytochrome system.' But since cytochrome oxidase produced an activation of the lactate oxidation, it is at least likely that this system exists in Chlorella cells. Kohn (1935) noted that both respiration and photosynthesis of C. pyrenoido8a were inhibited by O-OOlM-iodoacetate. The same concentration of iodoacetate produced a permanent inhibition with the Chlorella strain used in the present investigation. No specific effect could be studied with this inhibitor. Similarly other inhibitors, such as fluoride and pyrophosphate, produce a general toxicity and often give insignificant results (Bartlett & Guzman-Barron, 1947) .
Though malonate characteristically inhibits succinic dehydrogenase it did not inhibit the oxygen uptake or the rate of MB reduction. This result does not fit in the scheme of the tricarboxylic acid cycle. Henderson & Stauffer (1944) reported that tomato roots also resist malonate poisoning. If succinic dehydrogenase is present, it is probably not the only path of succinate oxidation, as some alternate mechanism remains active in spite of malonate.
This might fit with the theory advanced by Ialnitsky, Wood & Werkman (1943) on a succinate formation through the oxidative coupling of two acetates and the presence of a separate mechanism for the formation of C3 and C4 acids in Chlorelta.
The utilization ofhigh-energy phosphate bonds by cells has given an explanation for the reversal of the carbohydrate breakdown cycle in animal tissues (Kalckar, 1942) . It was shown by Lepage & Umbreit (1943) that the energy release of sulphur bacteria is coupled with the formation of ATP from inorganic phosphorus and that the high-energy phosphate bonds can be utilized to fix carbon dioxide in the dark for chemosynthesis.
The present experiments with ATP gave no evidence that phosphorylated compounds were utilized by Chlorella in the dark. Some indication was obtained that an enzyme capable of hydrolysing ATP is present.
The path of phosphorus in the strain of Chlorelia used in the present work may be different from that in most animals and bacteria. Emerson, Stauffer & Umbreit (1944) In two previous papers (Gutfreund, 1948a, b) it has been shown that the molecular weight of insulin is dependent upon pH, temperature and protein concentration of the solution. In neutral solutions of moderate protein concentration insulin appeared to be homogeneous with respect to molecular weight, M= 48,000 (Gutfreund & Ogston, 1946; Gutfreund, 1948a) . Under optimnum conditions for dissociation (pH 2 6) a steep extrapolation to zero concentration of osmotic pressure against insulin concentration gave a value of 12,000 for the molecular weight. From this evidence, as well as from crystallographic and chemical information, it was concluded that insulin in solution consists of aggregates of loosely bound sub-units of molecular weight 12,000. It is not claimed that aggregation into molecules containing four sub-units is necessarily an upper limit.
More recently two papers gave an account of ultracentrifugal and diffusion studies on insulin solutions, and the authors drew different conclusions from their results. Pedersen (1950) believes that the molecular weight of insulin is 42,000 and that molecules of that size dissociate into two subunits of molecular weight 21,000. His data would, however, be quite consistent with the hypothesis that under varying conditions of solution the mean molecular weight can have any value from 12,000 to 48,000 or more. Fredericq & Neurath (1950) found that in dilute phosphate buffer of pH 2-65, insulin dissociates into sub-units of molecular weight 6000, this value being calculated from diffusion and sedimentation constants extrapolated to zero concentration. This extrapolation is, however, very steep, and since measurements of the diffusion constant in dilute solutions are likely to give values which are too high, the extrapolated value of the molecular weight is likely to be too low.
The present paper is confined to the determination of the molecular weight of the sub-unit (minimum molecular weight) into which insulin can be dissociated reversibly. It has already been emphasized by Gutfreund (1948b) that the study of the effect ofpH, temperature and protein concentration upon the aggregation of the sub-unit of insulin should be complemented with an investigation of the influence of salt concentration on this phenomenon. The present paper describes this further investigation, and shows how it confirms and clarifies the author's previous findings.
